Objective. Ecologic frameworks account for multilevel factors related to physical activity (PA) and may be used to develop effective interventions for women. The purpose of this study was to examine the influence of individual, social and environmental factors on PA among African American and Hispanic women using structural equation modeling.
Introduction
Physical inactivity significantly contributes to the U.S. mortality rate and burden of disease (Derby et al., 2011; Sanderson et al., 2010 ; U.S. Burden of Disease Collaborators, 2013; Zhao et al., 2011 ), yet only 20.9% of adults do enough exercise to meet physical activity guidelines (Centers for Disease Control and Prevention, 2011) . Disparities in physical activity persist among women and ethnic minorities, increasing disease risk (Centers for Disease Control and Prevention, 2007) .
Individually-focused programs fail to achieve sustainable increases in physical activity in ethnic minority women (Fleury and Lee, 2006; Granner et al., 2007) . Ecologic frameworks account for factors beyond the individual, including intrapersonal factors, interpersonal relationships, and the physical environment, and how they influence health behaviors (Egger et al., 2003; Martinez et al., 2009; McNeill et al., 2006; Sallis and Owen, 2008) . Spence and Lee broadly divided variables framed in ecologic models into two categories, intra-individual and extra-individual. Intra-individual factors related to physical activity include an individual's weight, attitude, and exercise self-efficacy (Spence and Lee, 2003) . Extra-individual factors include social factors, like neighborhood cohesion and social support (Anderson et al., 2010; Lackey and Kaczynski, 2009) , and environmental factors (Lee et al., 2011a; McAlexander et al., 2009) , which have been shown to be important for physical activity. Each level of the ecologic model has the ability to influence physical activity directly or indirectly through one or more of the other levels (Spence and Lee, 2003) .
It is important to understand the determinants of physical activity that may be unique or central to ethnic minority women and how they are related for effective behavior change. Although several studies have looked at various factors within the social and physical environment and how they relate to physical activity (McNeill et al., 2006; Sallis et al., 1997 Sallis et al., , 2002a , few have explored these simultaneously using structural equation modeling (SEM), and almost none have done so exclusively in ethnic minority women. The purpose of this study was to examine the relative influence of individual, social and environmental factors on physical activity among African American and Hispanic women in the Southern U.S.
Methods

Study design
This study used baseline data from Health Is Power (HIP), which aimed to increase physical activity in African American and Hispanic women. HIP study details have been published previously (Lee et al., 2011b (Lee et al., ,c, 2012b . For the present study, individual questionnaire data were linked to participants' environmental data in Harris County, Houston and Travis County, Austin, Texas. All HIP assessments, measures and procedures were approved by the Committee for the Protection of Human Subjects at the University of Houston, and participants provided written informed consent.
Participants
Women were recruited to the study and participated in HIP from 2006 to 2008. Eligible participants were African American or Hispanic, aged 25-60 years, English or Spanish speakers, Harris or Travis County residents, not planning to move during the study, doing b90 min of physical activity per week, and free from health conditions that would be aggravated by physical activity (Thomas et al., 1992) . Participants with complete individual and environmental data (N = 164) were included in the current study.
Procedures
Eligible participants attended a baseline health assessment, where they completed interviewer-administered questionnaires and a physical assessment and received an accelerometer. Participants' addresses were geocoded, and their neighborhoods were mapped using ArcGIS 9.1 (Esri, Redlands, CA; Parmenter et al., 2008) . Neighborhood assessments were conducted by trained research team members in teams of two following established data collection and safety protocols (Heinrich et al., 2007; Lee et al., 2005) .
Conceptual model
A conceptual model relating individual, social and environmental factors to physical activity was developed using the existing scientific literature. An extensive literature review was completed, focusing on studies with similar correlates as those in HIP in order to be able to test the model using existing data. The model was revised based on findings from in-depth interviews conducted with HIP participants (Mama et al., in press ). Fig. 1 shows the direct effects of individual, social and environmental factors on physical activity and the indirect effects among factors. Latent constructs and the pathways included and excluded in the model were based on ecologic models of health behavior, empirical evidence derived from the literature, and findings from in-depth interviews.
Measures
Physical activity
Objective physical activity data were collected over 7 days using the ActiGraph GT1M accelerometer (ActiGraph, LLC, Pensacola, FL). Accelerometer data were collected as counts per 60 s and translated into minutes spent in moderate-vigorous physical activity (MVPA) per day for a seven day period using an individual cutpoint (Layne et al., 2011) . The average number of MVPA per day was used in analyses.
Individual factors
Items assessing household income and education were drawn from the Maternal Infant Health Assessment survey (California Department of Public Health, 2010; Sarnoff and Hughes, 2005) . Measures of body mass index (BMI = kg/m 2 ) and body fat were collected by trained personnel using established protocols (Lee et al., 2011b) . Pulvers et al.'s (2004) culturally relevant body image questionnaire was used to measure perceived body image, and has shown good validity and reliability in minority populations. Participants chose a silhouette that most closely resembled them currently from a scale of figures representing BMI measures of 16 through 40 kg/m 2 . Psychosocial factors related to physical activity included self-efficacy and motivational readiness. Self-efficacy was measured using Bandura's Fig. 1 . Conceptual structural model of individual, social and environmental influences on physical activity.
Exercise Self-Efficacy Scale, an 18-item scale with answer choices in 10-unit intervals, ranging from 0 (cannot do) to 100 (certainly can do; Bandura, 1997) , which has demonstrated high reliability in women (Shin et al., 2006) . The Weight Stages of Change (WSC) short-form was used to measure weight loss intentions and readiness to engage in weight control. The WSC contains 4 items to determine stage of weight change, pre-contemplation, contemplation, action or maintenance (University of Rhode Island Cancer Prevention Research Center, 2008) , and has shown similar patterns to movitational readiness for exercise for pros and cons by stage of change (Prochaska et al., 1994) .
Social factors
Social support for physical activity was measured using the social support and exercise survey. The survey has five items to measure family support and five items to measure peer support and has shown high internal consistency and test re-test reliability (Sallis et al., 2002b) . Neighborhood cohesion was measured using five items, which have shown high reliability as a measure of social cohesion and control at the neighborhood level (Sampson et al., 1997) .
Environmental factors
The Physical Activity Resource Assessment (PARA, ©2010) was used as an objective measure of physical activity resources in participants' neighborhoods (Lee et al., 2005) . Resources were audited on dimensions of presence and quality of physical activity features and amenities, and higher feature and amenity scores indicated a better quality physical activity resource (Lee et al., in press ).
The Pedestrian Environmental Data Scan (PEDS) instrument was used as an objective measure of environmental features and pedestrian facilities related to walking and cycling (Clifton et al., 2007) . Variables specifically used in this study were percent of segments with pedestrian facilities and the presence of buffers, path connections and lighting. These variables were selected to reduce multicollinearity with other PEDS variables and are consistent with previously reported relationships (Lee et al., 2012a) .
The Physical Activity Neighborhood Environment Survey (PANES) was used to measure participants' self-reported perceptions of their neighborhood environment ). The PANES contains 17 items assessing perceptions of the neighborhood environment for walking and cycling and has been shown to have high reliability and content and criterion validity with respective environmental attributes for physical activity (Sallis et al., 2009 (Sallis et al., , 2010 .
Home factors related to physical activity were assessed using the Home Environment scale. Participants were asked to self-report supplies or pieces of equipment that can be used for physical activity in their home using a list of 15 items. The scale has demonstrated high validity for different types of exercise (Sallis et al., 1997) . Only items used specifically for exercise (unmovable aerobic equipment, running Table 1 Descriptive statistics for indicator and outcome variables. shoes, weights, equipment to tone muscles, aerobic training videos, and step aerobic equipment) were included in analyses.
Statistical analysis
Descriptive statistics were computed for all variables by ethnicity, and t-tests were used to compare differences. To meet assumptions of normality, physical activity data were transformed using an exponential transformation. Objectively-measured environmental factors, including PARA and PEDS data, were aggregated to the neighborhood level. Confirmatory factor analyses were used to confirm the relationships between latent variables and indicator variables; SEM was used to determine the direct and indirect effects of individual, social and environmental factors on physical activity. Although 200 is typically the goal for SEM research, we determined our sample size of 164 was large enough to assess model fit based on the number of degrees of freedom and use of full information maximum likelihood (FIML) estimates for missing data (Little and Rubin, 2002; Loehlin, 2004; Muthén and Muthén, 1998-2012; Tanaka, 1987 ). All models were tested in Mplus version 7 (Muthén & Muthén, Los Angeles, CA) . FIML estimates with the chi-square fit statistic, the Tucker-Lewis index (TLI), the comparative fit index (CFI), and the root mean square error of approximation (RMSEA) were used as indices of goodness of fit (Gefen et al., 2011; McDonald and Ho, 2002; Schreiber et al., 2006) .
Results
Participant characteristics
Of the 164 participants included in the current study, 65.9% were African American. Women were in their mid-40s (M = 45.6 ± 9.3 years), 20.9% were overweight, and 71.8% were obese (M BMI = 34.9 ± 7.8 kg/m 2 ). Most participants completed some college (41.1%) or were college graduates (49.7%), and over half (56.9%) reported a household income greater than $82,600 (above 400% of the federal poverty level in 2007). African American women did more physical activity (25.0 versus 7.9 MVPA min/day; t = 7.1 p b .001) than Hispanic women. Therefore, we controlled for race/ethnicity in all subsequent models. Table 1 presents descriptive statistics for all variables included in the model.
Measurement model
The measurement model included nine latent constructs measured by 66 indicator variables. Correlations among indicators across constructs (N = 201; results available upon request) ranged from −.375 to .495, with the greatest number of correlations occurring between neighborhood cohesion and perceived environment (n = 52) and exercise self-efficacy and home environment (n = 31). The overall fit of the measurement model was acceptable based on fit indices (Χ Table 2 .
Structural model
The proposed structural model fit was acceptable (Χ Fig. 2 , and standardized and unstandardized coefficients for indirect pathways are shown in Table 3 . Body composition and image had a significant direct effect on physical activity (β = −0.307, p = .001) and mediated the relationship between motivational readiness and physical activity (β = 0.111, p = .038). Perceived environment mediated the relationship between physical activity resources and neighborhood cohesion (β = 0.156, p = .001) and social support for physical activity (β = 0.054, p = .016). Perceived environment also mediated the relationship between the pedestrian environment and neighborhood cohesion (β = 0.157, p b .001) and social support for physical activity (β = 0.054, p = .011). There was also a significant indirect association between perceived environment and body composition and image through neighborhood cohesion (β = 0.082, p = .046).
Discussion
This study explored the influence of multilevel factors on physical activity in African American and Hispanic women using SEM. Body composition and image was the only factor directly associated with physical activity, suggesting that physical activity is most heavily influenced by individual factors related to weight. Although the complete indirect pathway from the environment to physical activity was not significant, indirect associations among individual, social and environmental factors contribute to our understanding of how multilevel correlates of physical activity are related in ethnic minority women.
In addition to the direct association between body composition and image and physical activity, we found an indirect association between motivational readiness and physical activity operating through body composition. Although previous studies have shown direct associations between individual factors and physical activity (Delahanty et al., 2006; Tavares et al., 2009) , few have explored the relationship between motivational readiness for weight loss and physical activity, and none have explored body composition and image as a mediator of this relationship. Perceptions of the environment significantly mediated the relationship between neighborhood and social environments, which indirectly influenced physical activity through body composition and image. The relationship seen between the objectively measured neighborhood environment and the perceived environment is consistent with the current literature (Foster et al., 2013; McAlexander et al., 2012) . Environmental perceptions have been found to be an important mediator between the built environment and physical activity and a moderator of the relationship between social support and physical activity, leading to increases in transportation-related and leisure-time walking (Van Dyck et al., 2013 . There is also a known strong, persistent association between physical activity and social support from neighbors, family and friends (Barber, 2013; de Farias Junior et al., 2014; Martinez et al., 2013; Poortinga, 2006) . These findings, coupled with the current study's results, suggest that intervention at the environmental level may directly influence the social environment, and that the perceived environment and neighborhood cohesion play a pivotal role in the relationship between the measured built environment and body composition and image, which we found to directly influence physical activity. Thus, improving African American and Hispanic women's perceptions of their neighborhood environment and increasing neighborhood cohesion may lead to increased physical activity adoption and maintenance in this at risk population.
Results from this study highlight the ongoing need to gain a better understanding of what encourages ethnic minority women to do physical activity for health promotion at a population level. While previous quantitative and qualitative studies have emphasized the importance of the social and physical environments, the current study confirms the need to continue to address individual factors, particularly those related to weight, in physical activity interventions targeting African American and Hispanic women. Results from a recent study (Johnson et al., 2013) also support the need to incorporate body image into health behavior models, such as the transtheoretical model (Johnson et al., 2008) . Further research is needed to increase understanding of how body composition and image and motivational readiness may directly and indirectly promote physical activity. Future interventions should also focus on improvements to pedestrian facilities and physical activity resources in the neighborhood environment as part of an ecologic approach and important for behavior change in ethnic minority women. Policy changes to enhance the neighborhood environment, such as increasing the presence of sidewalks, improving lighting, and increasing access to high quality physical activity resources, may lead to better perceptions of the environment and increased social support and neighborhood cohesion among residents.
Few studies have sought to explore multilevel influences on physical activity in African American and Hispanic women. We used SEM to determine direct and indirect correlates of physical activity and used an objective measure of physical activity. Models fit the data well and helped explain physical activity in a sizeable sample of African American and Hispanic women. Further research is needed to determine how results compare to non-Hispanic white populations and diverse low-income populations. Although innovative, this study is not without limitations. Due to the limited number of Hispanic women with complete individual and environmental data, we were unable to complete multi-group analyses to determine differences by ethnicity. As this is one of numerous possible models that could explain physical activity in women using these same variables, the addition or removal of proposed pathways may tell a different story and expose additional direct and indirect influences on physical activity, warranting further research. Additionally, our ability to operationalize variables in the model was limited to variables collected as part of HIP. Therefore other known barriers to physical activity, such as crime and perceived safety (Evenson et al., 2012) , should be considered as part of future studies and models. Last, the women included in the current study were of high socioeconomic status in contrast to previous studies that have focused on ethnic minorities. Thus, findings from this study may not be generalizable to low socioeconomic status, non-overweight/ obese African American and Hispanic women, or those residing in rural areas.
Conclusions
This study confirms the value of using an ecologic framework to understand behavior and the importance of multilevel strategies to influence physical activity. We found that body composition and image and an interplay among individual factors directly and indirectly influenced physical activity, and that neighborhood cohesion played a pivotal role in the relationship between individual and environmental variables. Findings suggest that environmental changes may have a greater impact on physical activity in ethnic minority women when coupled with individual strategies, such as improving body image perceptions and increasing motivational readiness for weight loss.
